
“The NAS Report reviewed 10 
Ecological studies in neonatal and 
pediatric populations (Table 3-1, 

pages 61-72)

“…the available epidemiologic evidence is 
not consistent with a causal association 
between perturbations of thyroid hormone 
and TSH productions in normal newborns 
… and exposure during gestation to 
perchlorate in drinking water up to 120 
ppb…” (page 72)
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Does perchlorate in drinking 
water affect thyroid function 
in newborns or school-age 

children?
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Naturally Occurring Perchlorate in Chile Characterized





Taltal 100-120 ppb perchlorate



Chanaral  6ppb perchlorate



Hospital - Chanaral



Antofagasta (perchlorate non-
detectable)



Clinic - Antofagasta







Taltal, Serum Perchlorate
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Published in JOEM as a letter to 

the editor in June, 2004



“The committee thinks that the study of Crump 
et al. (2000) had important strengths.”  p 66-69,

“Although individual exposures were not assessed, it is 
one of the few studies that measured perchlorate in 
drinking water in samples taken directly from the 
environment of the children studied, such as homes and 
schools”.
“All laboratory assessments were done at the same 
facility”
“…assessments of thyroid status and other measures 
were done by observers unaware of the perchlorate 
exposure of the children.” 
“On the basis of the iodide-inhibition analyses,… and a 
review of information on urinary iodide excretion,the
committee concluded that the data from Chile could be 
considered in the evaluation of the U.S. experience with 
perchlorate in drinking water.”



CHRONIC ENVIRONMENTAL EXPOSURE 
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Impacts of Moderate to Severe 
Iodine Deficiency during 

Pregnancy
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Chile II: Pregnant Women Study Design

SERUM: T3, fT4, TSH, Tg, a-TPO, a-Tg 

URINE: Iodine, creatinine 

WATER: perchlorate

BIOLOGICAL MONITORING: serum, urine, milk samples

Conception

Data Collected



Urinary Iodine Chile vs the U.S.
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NHANES III, N=292 Chile, N=171 NHANES I, N=199

NHANES: National Health And Nutritional Survey

Iodine nutrition among the 

pregnant women in this study is 

intermediate between that among 

pregnant women in the U.S. in the 

early ’70s and in the early ’90s
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Maternal Perchlorate Dose Estimates from Tellez et al
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Taltal

Chanaral

AntofagastaTotal perchlorate exposures in 

Taltal are above the NAS 

recommended RfD (0.0007 mg/kg-

day) but below the NAS NOEL 

(0.007 mg/kg-day) !



25.333.821.7Perchlorate from food, μg/day (urine 
excretion minus water consumption)

118.840.022.1Median Perchlorate excretion, μg/day

1.081.081.08Creatinine excretion, g/day 

1103720.5Median perchlorate in urine, μg/g creatinine

93.56.10.42Perchlorate consumed daily from tap water, 
μg/day

1145.80.5Tap water perchlorate, μg/L

0.821.060.84Median tap water consumption, L/day

TaltalChañaralAntofagasta

Analysis of Dietary and Drinking Water Sources of 
Perchlorate

Median perchlorate excretion 

exceeded median tap water 

perchlorate consumption by 

approximately the same amount 

in all three cities, most likely 

reflecting dietary intake.



First Prenatal Visit

*Kruskal Wallis

0.06322573553839161Iodine/g creatinine

0.323.67573.67454.3258Thyroglobulin 
(ng/ml)

0.912.61642.81522.6364TSH ( μUl/ml) 

0.250.99640.95520.9564FreeT4 (ng/dL)

p*Mean NMean NMean N

TaltalChañaralAntofagasta 

Maternal thyroid status during 

early pregnancy was unaffected 

by the perchlorate exposures.



     Taltal, N=103            Chañaral, N=92          Antofagasta, N=112
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      Free T4 = 1.919 - 0.399 x Maternal Age - 0.00800 x Weeks Gestation
*

Maternal Free T4 vs Weeks Gestation

As observed in all other studies, 

free T4 levels decreased during 

gestation. Maternal age and weeks 

gestation were highly significant 

but not perchlorate exposure



Maternal TSH, Cumulative Distribution
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There was no change in TSH with 

weeks gestation and no difference 

due to perchlorate exposure.



*Kruskal-Wallis

0.2918.12814.03616.830Thyroglobulin 
(ng/ml)

0.996.31286.69406.2033TSH ( μUl/ml) 

0.731.03281.04421.0735FreeT4 (ng/dL)

p*Mean NMean NMean N

TaltalChañaral  Antofagasta

Neonatal (Cord Blood)

The infant’s thyroid function at 

birth was unaffected by the 

perchlorate exposures



0.3234.75035.14535.242Head Circumference, cm

0.30335655346448345955Weight, g

0.9849.65449.74849.955Length, cm

0.0138.45538.24938.955Gestational Age (weeks)

p-value*Mean NMean NMean N

TaltalChañaral  Antofagasta

Neonatal Characteristics

*Kruskal-Wallis

There were no differences in 

neonatal weight, length or head 

circumference related to 

perchlorate exposure. 

The slightly longer gestation in 

Antofagasta is likely due to lower 

maternal age and parity in that 

city.



Neonatal Birth Weight, grams (NS)

409040553740335030802870264556Taltal

4195400037003360303026802440NHANES III

438842603885357031902768228347Chanaral

430640683700339031602924271053Antofagasta

95%90%75%50%25%10%5%NPercentile

The distribution of neonatal birth 

weight was not different due to 

perchlorate exposure and not 

different from that in the U.S. in 

the early 90’s



Thank You



4330262919<0.516CHANARAL

4838271271046525TALTAL

4637298<0.5<0.516ANTOFAGASTA

P.75P.5P.25P.75P.5P.25NCITY

Iodine, μg/dLPerchlorate, μg/L

Breast Milk Analysis

Breast milk iodine levels are not 

impacted by maternal perchlorate 

exposures



Perchlorate 
exposure

Perchlorate 
in blood

Inhibition of 
iodine 

uptake in 
thyroid

Serum 
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Serum

TSH

Thyroid 
hypertrophy 

or 
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Hypothyroidism

Metabolic 
sequelae at 

any age

Abnormal fetal 
and child 

growth and 
development

Nonadverse 
Effect First 

Adverse 
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